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Summary Severe COVID-19 results in a glucocorticoid responsive form of acute respiratory distress
(ARDS)/diffuse alveolar damage (DAD). Herein we compare the immunopathology of lung tissue pro-
cured at autopsy in patients dying of SARS-CoV-2 with those dying of DAD prior to the COVID-19
pandemic. Autopsy gross and microscopic features stratified by duration of illness in twelve patients
who tested positive for SARS-CoV-2 viral RNA, as well as seven patients dying of DAD prior to
the COVID-19 pandemic were evaluated with multiplex (5-plex: CD4, CD8, CD68, CD20, AE1/
AE3) and SARS-CoV immunohistochemistry to characterize the immunopathologic stages of DAD.
We observed a distinctive pseudopalisaded histiocytic hyperplasia interposed between the exudative
and proliferative phase of COVID-19 associated DAD, which was most pronounced at the fourth week
from symptom onset. Pulmonary macrothrombi were seen predominantly in cases with pseudopali-
saded histiocytic hyperplasia and/or proliferative phase DAD. Neither pseudopalisaded histiocytic hy-
perplasia nor pulmonary macrothrombi was seen in non-COVID-19 DAD cases, whereas microthrombi
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were common in DAD regardless of etiology. The inflammatory pattern of pseudopalisaded histiocytic
hyperplasia may represent the distinctive immunopathology associated with the dexamethasone
responsive form of DAD seen in severe COVID-19.
© 2021 Elsevier Inc. All rights reserved.
1. Introduction

The global pandemic of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has infected over 155
million worldwide and led to over 3.2 million deaths at the
time of this writing [1]. The disease course is highly
variable, ranging from asymptomatic carrier [2] to severe
viral pneumonia with acute respiratory distress syndrome
(ARDS). Subsets of patients with severe illness have viral
sepsis [3], cytokine storm [4] and occasionally meet
clinicopathologic criteria for hemophagocytic lympho-
histiocytosis (HLH) [5]. Part of the spectrum in disease
course has been linked to inborn errors in the type I
interferon immune pathway [6], as well as the develop-
ment of neutralizing autoantibodies against type I in-
terferons in a subset of patients [7]. These findings would
suggest that immunopathologic differences might be
observed between asymptomatic individuals and those
with severe COVID-19 disease; a hypothesis that is sup-
ported by a randomized control trial in which dexameth-
asone improved outcome in COVID-19 patients requiring
respiratory support [8].

Since the onset of the pandemic, there have been
several autopsy series describing the histopathologic fea-
tures of patients dying with COVID-19 [9e13]. Early
results showed typical features of diffuse alveolar damage
(DAD) [14,15] and an apparent increase in pulmonary
thrombi [16,17]. More recently, a timeline of the usual
histopathologic phases of DAD as they progress from
exudative, proliferative, and fibrotic stages has been pro-
posed [18], with in situ viral detection generally limited to
the exudative phase of the disease [19]. Concordant with
these observations, RNA sequencing data have shown
marked differences between the immune response in early
versus late COVID-19 DAD, which was supported by
single-plex immunohistochemistry in subsets of cases
[20]. In this study, we seek to (1) further establish the
histopathologic timeline of pulmonary findings in patients
dying of COVID-19 ARDS while characterizing the im-
mune cell infiltrates using a multiplex (CD4, CD8, CD68,
CD20, AE1/AE3) immunohistochemical assay to establish
changes in the proportion of lymphocyte subsets and
histiocytes over the disease course; (2) quantitate the
frequency of microthrombi and macrothrombi; and (3)
correlate these findings with non-COVID-19 related DAD
controls and patients dying from other causes while hav-
ing asymptomatic COVID-19 infection.
2. Materials and methods

After obtaining consent from next of kin, an autopsy was
performed on twelve consecutive patients testing positive
for SARS-CoV-2 nucleic acid on an antemortem upper
respiratory swab between April 15 and July 24, 2020. Chart
review of the electronic health record was performed to
determine age, sex, race, date of symptom onset, date of
hospitalization, date and types of treatment, C-reactive
protein (CRP), and D-dimer levels throughout the course of
hospitalization. Diagnostic SARS-CoV-2 testing was per-
formed by RT-PCR of nasopharyngeal swabs in a CLIA-
certified laboratory during hospital admission. The D-dimer
assay was serially monitored throughout the hospital course
using the IL D-dimer HS assay (Instrumentation Labora-
tory, Bedford, MA, USA), which is a quantitative immu-
noturbidimetric assay reported in D-dimer units (DDU).
IgG antibody analyses were performed by the clinical pa-
thology laboratory at Boston Medical Center (BMC).
Serum samples were run on the Abbott Architect i2000
Instrument using the Abbott SARS-CoV-2 IgG assay per
the manufacturer’s instructions (SARS-CoV-2 IgG; Abbott
Laboratories, Abbott Park, IL). This assay is a chemilu-
minescent microparticle immunoassay (CMIA) for detec-
tion of IgG antibodies in human serum against the SARS-
CoV-2 nucleoprotein. Samples were interpreted as positive
(index value � 1.4) or negative (index value < 1.4) based
on the index values reported by the instrument. Qualitative
results were used in the analyses. Cases 1 to 4 have been
separately reported as manifesting features of SARS-CoV-2
associated hemophagocytic lymphohistiocytosis [5].

The autopsies were performed in a negative pressure
room using Personal Protective Equipment (PPE),
including an N95 mask and powered air-purifying respi-
rator (PAPR). Harvested organs were thinly sliced, photo-
graphed, and fixed for 24 h in 10% neutral buffered
formalin (NBF). Four tissue blocks were routinely taken
from each lobe of the lung (20 total) and fixed for an
additional 6e12 h in 10% NBF before processing. Seven
patients dying of diffuse alveolar damage preceding the
pandemic (2007e2019) were identified having FFPE lung
blocks (median, two per case) available to serve as controls.
Hematoxylin and Eosin (H&E) stained sections were pre-
pared and reviewed by two anatomic pathologists (MK and
EB). Reviewers were not blinded to the cause of DAD.

Immunohistochemistry was performed using freshly cut
5 mm thick FFPE tissue sections from a lung tissue block
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most representative of the overall stage of DAD for the
individual patient. The proportion of blocks chosen from
right versus left lobes was similar (2:1) between the
symptomatic COVID-19 and control group. Single-plex
immunohistochemistry was performed on a Ventana
Benchmark Ultra (Roche, Tucson, AZ) using a rabbit
polyclonal antibody against the SARS-CoV Nucleocapsid
protein (NB100-56576: Novus Biologicals, Centennial,
CO) incubated for 36 min at 1:400 dilution after heat-
induced epitope retrieval for 32 min at 95 �C using alkaline
buffer (CC1, #950-124, Ventana). Slides were visualized
with Optiview detection (#760-700, Ventana). Multiplex
immunohistochemistry was performed using the Ventana
Discovery-Ultra platform (Roche, Tucson, AZ) using pre-
diluted antibodies directed against CD8 (clone: SP57, 790-
4460; Roche), CD68 (clone: KP-1, 790-2931; Roche),
CD20 (clone: L26, 760-2531; Roche), Pan Keratin (clone:
AE1/AE3/PCK26, 760-2595; Roche), CD4 (clone: SP35,
104R-18; Cell Marque) after heat-induced epitope retrieval
for 32 min at 95 �C using alkaline buffer (CC1, #950-124,
Ventana). Primary antibody detection was performed using
Discovery Hapten Detection with Discovery Anti-Mouse
HQ (#760-4814, Ventana), Discovery Anti-Mouse NP
(#760-4816, Ventana), and Discovery Anti-Rabbit HQ
(#760-4815, Ventana), and visualized with Ventana chro-
mogens: DAB, #760-124; Purple, #760-229; Green, #760-
271; Yellow, #760-239; Teal, #760-239. Primary antibody
Table Clinicopathologic features.
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inactivation for the multiplex reactions was carried out
using temperature-induced denaturation for 8 min at 95 �C
with CC2 buffer (#950-123, Ventana). Internal and on-slide
external controls (Tonsil/Appendix) were examined for
each slide and judged satisfactory before interpretation.

The Institutional Review Board reviewed this study and
waived jurisdiction.

3. Results

3.1. Patient characteristics

Clinical features of SARS-CoV-2 positive patients are
summarized in the Table. Twelve patients tested positive by
PCR on nasopharyngeal swabs prior to death. Ten of these
were symptomatic from COVID-19 prior to death, while
two patients were asymptomatic, dying of unrelated causes.
Symptomatic patients were older (median age 69.5 years)
than those who were asymptomatic (median age 51.5
years), and 8/10 (80%) self-identified as black. Seven pa-
tients received biological agents as part of their treatment
prior to death. Anakinra, a human interleukin-1 receptor
antagonist, was administered to two patients who received
6 doses of 100 mg IV over 3 days, which was completed 9
and 85 days prior to death. Sarilumab, a human monoclonal
interleukin-6 inhibitor, was administered to 5 patients as a
single dose of 200 mg IV, which was completed in a
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median of 20 days (range 2e29 days) prior to death. Seven
patients dying of diffuse alveolar damage preceding the
pandemic (2007e2019) were identified having FFPE tissue
available to serve as controls. The median age was 55 years
with a male to female ratio of 2:5 and a minority who were
black (2 of 7). There were diverse and overlapping disease
states associated with DAD in these patients, including
cancer (pheochromocytoma, esophageal, and lung carci-
nomas) undergoing multiple treatments (surgery, radiation,
chemotherapy), immune disorders (SLE, HLH, and AIDS),
and infections (cryptococcal meningitis, Pneumocystis
pneumonia, and fungal sepsis).

3.2. Pulmonary immunopathologic findings

3.2.1. Patients dying early without mechanical
ventilation

Two patients (cases 1 and 2) died of COVID-19 after the
first week of symptom onset (6e8 days) without mechan-
ical ventilation. Both patients had dyspnea and hypoxia but
were not intubated due to advanced age and co-morbidities.
The lungs were heavy in both patients (right 750e950 gm
and left 512e750 gm). Fig. 1 shows the gross and histo-
logic findings. Grossly the lungs showed patchy areas of
consolidation, which were edematous and firm. Histologic
findings were that of an early exudative phase of DAD,
being dominated by alveolar edema, pneumocyte slough-
ing, and foci of early hyaline membrane formation. One of
the two cases showed focal squamous metaplasia. SARS
immunohistochemistry was positive multifocally in aggre-
gates of epithelioid cells in both patients. Multiplex
immunohistochemistry showed numerous CD68 macro-
phages and CD4 positive T-cells admixed with sloughed
AE1/AE3 positive pneumocytes but only scattered CD8
positive T-cells and rare CD20 positive B-cells.

3.2.2. Patients dying with mechanical ventilation
Seven patients (case 3e9) died while being mechani-

cally ventilated (median 18 days, range 3e32) at a median
of 27 days (range 15e41 days) from symptom onset. The
lungs were heavier than those dying earlier, with median
weights of 1050 gm for right (740e1480 gm) and 1050 gm
for left (630e1250 gm). Hyaline membranes were well
developed by the third week of infection (Fig. 2) and
associated with a variably prominent infiltrate of CD68
positive macrophages with an equal distribution of CD4
and CD8 positive T-cells and infrequent CD20 positive B-
cells. By the fourth week of infection (Fig. 3), histiocytes
became more numerous, lining distended alveolar ducts
forming pseudopalisades with admixed giant cells sur-
rounding fibrinoid debris in a garland-like distribution. This
finding was most extensive in cases 6 and 7 in which 70%
and 80% of the tissue sections were involved from all five
lobes of the lung. Conversely, the extensive histiocytic
hyperplasia was limited to a single lobe of the lung (left
upper lobe) in patient 5, involving only 10% of tissue
blocks examined, and was limited to the bilateral upper and
right middle lung lobes of patient 9, where it was present in
45% of the tissue blocks examined. Grossly, the lungs
demonstrating this pattern of pseudopalisaded histiocytic
hyperplasia showed a more confluent tan-white consolida-
tion. The proliferative phase of DAD (Fig. 4) began at the
fourth week and was most prominent during the fifth week
postsymptom onset. The gross appearance exhibited a
pseudonodular parenchyma with erythematous septa sur-
rounding the alveolar lobules, which were pale tan. Histo-
logically, an interstitial fibroblastic proliferation exhibited a
‘tissue culture’-like quality with numerous extravasated red
cells and concurrent alveolar pneumocyte hyperplasia. In
two cases, concurrent foci of organizing pneumonia char-
acterized by plugs of fibroblasts filling alveolar ducts were
observed. SARS immunohistochemistry was not detected
beyond the fourth week of symptom onset, with less
staining in lungs showing early changes of proliferative
phase DAD than those with purely exudative phase DAD
(Table). Control patients dying with DAD prior to the
COVID-19 pandemic were compared to patients dying of
SARS-CoV-2, matching them by time from intubation. The
tempo of histologic and immunophenotypic changes was
similar with the exception that none of the control cases
exhibited the pseudopalisaded histiocytic hyperplasia seen
most prominently at the fourth week postsymptom onset in
those dying of SARS-CoV-2.

3.2.3. Patient dying after extubation from another cause
One patient (Case No. 10) died 37 days after extubation

(92 days after symptom onset) as a result of autoimmune
encephalitis. Lung weights were only slightly above normal
(right 440 gm and left 375 gm versus normal female
340 gm and left 299 gm). Fig. 5 shows the gross and his-
tologic features. The gross appearance was congested and
red but without discrete foci of consolidation. Histologi-
cally, the interstitium showed mild expansion of loose
fibrous tissue, dilated capillaries, and minimal chronic
inflammation. No other hallmarks of interstitial lung dis-
ease such as collagenous fibrosis, microcystic honey-
combing, traction bronchiectasis, or vascular changes were
observed. Multiplex immunohistochemistry showed scat-
tered interstitial lymphocytes with an admixture of CD4
and CD8 positive cells. AE1/AE3 highlighted an intact
layer of pneumocytes, and CD68 positive histiocytes had
decreased to near-normal levels. SARS immunohisto-
chemistry was negative.

3.2.4. Patients dying with COVID-19 but from other
causes

Two patients tested positive for SARS-CoV-2 by RT-
PCR on admission and on the day preceding death with no
COVID symptoms. Both patients were also positive for IgG
and IgM SARS-CoV-2 antibodies in their serum within 3
days of the death, indicating the asymptomatic period was
long enough to mount an immune response against the



Fig. 1 Pulmonary Findings in Patients Dying of SARS-CoV-2 during the first/second week of infection. (A) Grossly, the lungs
showed patchy areas of consolidation characterized by a firm edematous cut surface (left) juxtaposed with typical parenchyma that deflates
after cutting (right). (B) H&E showing the transition from normal lung (lower left) to regions of pulmonary edema with the alveolar
accumulation of disaggregated mononuclear cells (upper right) (40 �). (C) Multiplex immunohistochemistry from the same region in (B),
showing the admixture of sloughed pneumocytes staining with AE1/AE3 (yellow), CD68 positive macrophages (purple), and CD4 positive
T-cells (teal). CD8 positive T-cells (brown) are infrequent, and CD20 positive B-cells (green) were rare and not visualized in this figure (100
�). (D) SARS immunohistochemistry showing staining in a cluster of epithelioid cells (200 �). (E) H&E and (F) multiplex immuno-
histochemistry from the same region showing an admixture of sloughed pneumocytes staining with AE1/AE3 (yellow), CD68 positive
macrophages (purple), and CD4 positive T-cells (teal). CD8 positive T-cells (brown) are infrequent, and CD20 positive B-cells (green) were
rare and not visualized in these figures (200 �).
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Fig. 2 Pulmonary Findings in Patients Dying of SARS-CoV-2 during the third week of infection. (AeC) H&E (40 � and 200 �)
focally showing hyaline membranes coalescing (C) to resemble acute fibrinous organizing pneumonia (AFOP). Paired H&E (D) and
multiplex immunohistochemistry (E) showing the mononuclear infiltrate within partially organizing hyaline membranes with numerous
CD68 positive macrophages (purple) with admixed CD4 (teal) and CD8 (brown) positive T-cells, sloughed AE1/AE3 (yellow) positive
pneumocytes and rare to absent CD20 (green) positive B-cells (200 �).
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virus. In one case (case 11), the cause of death was spon-
taneous tumor lysis associated with metastatic cancer,
while the other patient (case 12) died from a ruptured
mesenteric artery with hemoperitoneum. Histologic fea-
tures typical of SARS-CoV-2 were seen in only one patient
(case 11, Fig. 6), dying of stage IV small cell lung carci-
noma prior to initiation of treatment. The lungs in this
patient were mildly enlarged (right 649 gm and left
554 gm) with small foci of white-tan consolidation
comprising less than 5% of the lung volume, in addition to
being involved by metastatic small cell carcinoma. Histo-
logically the consolidated foci were characterized by
alveolar edema, with hyaline membranes, and pneumocyte
sloughing with prominent intra-alveolar admixtures of
CD68 positive histiocytes and CD4 positive T-cells, only
scattered CD8 positive T-cells, and few to none CD20
positive B-cells. SARS immunohistochemistry showed
focal staining in alveolar pneumocytes. The second patient
(case 12) showed multiple septic emboli in the lungs sec-
ondary to infectious endocarditis, but no histologic features
typical of SARS-CoV-2 pneumonitis were observed, and
SARS immunohistochemistry was negative in the lung
tissue.

3.3. Frequency of pulmonary thrombi and infarction

Pulmonary microthrombi (Fig. 7EeF) were observed in
6 of the 10 patients (60%) with symptomatic SARS-CoV-2
infection in comparison to 3 of 7 patients (43%) dying with
DAD from causes unrelated to COVID-19 pre-pandemic
(Table). Conversely, macrothrombi (Fig. 7AeD) were
observed in 4 of 10 patients (40%) dying of SARS-CoV-2
but in none of the non-COVID DAD cases. D-dimer
levels were elevated in all patients dying of COVID-19



Fig. 3 Pulmonary Findings in Patients Dying of SARS-CoV-2 the fourth week of infection. (A) Gross figure of lung showing firm
tan-white regions of consolidation with punctate foci of hemorrhage. (B) H&E stain (40 �) and (C) multiplex immunohistochemistry (40
�) showing prominent histiocytic reaction staining with CD68 (purple) outlining alveolar ducts and alveoli in the typical distribution of
hyaline membranes with complete loss of AE1/AE3 (yellow) positive pneumocytes in the same regions. CD4 positive T-cells (teal) are
increased both within the histiocytic aggregates, as well as the lung interstitium with fewer CD8 (brown) and rare CD20 (green) positive
lymphocytes. (D/E) H&E showing pseudopalisading of histiocytes and multinucleated giant cells in a garland-liked distribution along
alveolar ducts devoid of epithelium and surrounding fibrinoid luminal debris. (D 100 � and E 200 �).
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(Table), but values were generally higher in those with
macrothrombi (median 29,941 ng/mL DDU) compared to
those without (median 6258 ng/mL DDU). Among patients
with macrothrombi, only one patient had extrapulmonary
thrombosis manifesting as basal ganglia stroke (case 3),
and this patient also had the highest D-dimer level
(69,000 ng/mL DDU). Areas of pulmonary hemorrhage and
infarct were occasionally observed adjacent to macro-
thrombi (Fig. 7A).
4. Discussion

Herein we describe the gross, histologic, and immuno-
pathologic pulmonary features in a series of 10 patients
dying at differing time points following symptomatic
COVID-19 and compare these with seven patients dying
from DAD/ARDS prior to the COVID-19 pandemic. We
further observe two patients dying from other causes with
asymptomatic SARS-CoV-2 infection. We establish an



Fig. 4 Pulmonary Findings in Patients Dying of SARS-CoV-2 the fifth week of infection. (A) Gross figure of lung showing a nodular
appearance accentuating pale lobules with beefy red septa. (B) H&E showing pneumocyte hyperplasia with early interstitial fibroblastic
proliferation (200 �). (CeE) H&E showing more developed interstitial fibroblastic proliferation with a ‘tissue culture’-like quality and
extravasated red cells, focally compressing alveoli (E) and producing a solid alveolus (100 �). (F) An organizing pneumonia pattern
characterized by fibroblastic plugs arranged in linear arrays (40 �) concurrent with (G) foci of hyaline membrane formation (100 �) was
seen in occasional cases.
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immunopathologic time sequence and note a unique in-
flammatory pattern characterized by a pseudopalisaded
histiocytic hyperplasia developing between the exudative
and proliferative phases of DAD in SARS-CoV-2 but not in
control cases of DAD.
Diffuse alveolar damage histologically has sequential
exudative, proliferative, and fibrotic phases [21]. The
exudative phase is characterized by cell-mediated
destruction of the alveolar/endothelial structure leading to
leakage of plasma and cellular content into the interstitium



Fig. 5 Pulmonary Findings in Patients Dying after Recovery from SARS-CoV-2 one month after extubation. (A) Gross figure of
lung showing mild congestion without discrete foci of consolidation. (B/C) H&E showing minimal residual interstitial expansion by loose
fibrous tissue, dilated capillaries, and minimal chronic inflammation (100 � and 200 �). Multiplex immunohistochemistry showing
scattered interstitial lymphocytes are an admixture of CD4 (teal) and CD8 (brown) positive T-cells. AE1/AE3 (yellow) highlights an intact
layer of pneumocytes while CD68 (purple) positive histiocytes have decreased to near normal levels (200 �).
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and air space. We observed these features in those dying at
6e18 days from symptom onset, in particular in those
dying without mechanical ventilation. Subsequently, the
protein and cellular debris organize into hyaline mem-
branes, which was most confluent at the third week post-
symptom onset. This is followed by the proliferative phase
of DAD characterized by a pneumocyte hyperplasia,
attempting to restore the epithelial layer and a myofibro-
blastic proliferation within the interstitium with morpho-
logic features typical of connective tissue repair. The
proliferative phase was observed most prominently in
week 4e5 postsymptom onset and only in those who had
received mechanical ventilation, usually for at least 3
weeks duration. Finally, a fibrotic phase inconsistently
develops as a consequence of failure to resorb collagen
deposited during the proliferative phase leading to chronic
interstitial fibrosis. We observed only a single patient who
had recovered from severe COVID-19 respiratory infec-
tion, 3 months after symptom onset and 1 month since
mechanical ventilation, who then died of nonpulmonary
causes. Lung weights had returned to near normal, and
there was only a minimal residual interstitial expansion of
loose fibrous tissue and scattered chronic inflammatory
cells. Typical hallmarks of interstitial lung disease



Fig. 6 Pulmonary Findings in Patients Dying from Stage IV Small Cell Lung Cancer with Asymptomatic SARS-CoV-2 Infection.
(A) Gross figure of lung showing minimal (w5% of lung parenchyma) patchy pale areas of consolidation. (B) H&E focal hyaline
membrane formation with an accumulation of alveolar mononuclear inflammation (200 � and 100 �, respectively). (C) Immunohisto-
chemistry for SARS-CoV-2 nucleocapsid protein showing focal staining in alveolar pneumocytes (200 �). (D/E) Paired H&E and multiplex
immunohistochemistry showing a predominance of CD68 (purple) positive histiocytes and CD4 (teal) positive T-cells interspersed with
sloughed AE1/AE3 (yellow) positive pneumocytes. CD8 (brown) positive lymphocytes are few, while CD20 (green) positive lymphocytes
are inconspicuous (400 �).
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(collagenous fibrosis, microcystic honeycombing, traction
bronchiectasis, vascular changes) were not observed [22].
The timing of these morphologic phases in SARS-CoV-2
associated DAD is in keeping with the timeline proposed
in a recent systematic review of the pathologic findings
from 131 postmortem lung samples taken from patients
dying from COVID-19 [18].

Using multiplex immunohistochemistry, we were able to
characterize the inflammatory infiltrate within each of the
phases of DAD and observed the predominant immune cell
types were CD68 positive histiocytes and CD4 positive T-
cells throughout each phase with relatively fewer CD8
positive T-cells and sparse CD20 positive B-cells. We
observed a previously undescribed pattern of inflammation,
which was most pronounced during the fourth week from
symptom onset (third week of mechanical ventilation) in
which striking histiocytic hyperplasia lined the alveolar
ducts in a garland-like pseudopalisaded pattern. This was
distinct from the loose clusters of histiocytes admixed with
sloughed pneumocytes observed in the early exudative
phase (first/second week of symptom onset). Recent tar-
geted RNAseq data from lung tissue obtained from sixteen
COVID-19 autopsies revealed two distinct immunopatho-
logic profiles [20]. The first was seen in patients dying early
(1st week of hospitalization) and was characterized by high
interferon stimulating genes, high viral titer, and lower
immune cell infiltration. This was in contrast to those dying
later (2nd week of hospitalization) in which low interferon



Fig. 7 Pulmonary Findings in Patients Dying of SARS-CoV-2 with Thromboemboli. (A) Gross figure of lung showing a hemorrhagic
pulmonary infarct with associated macrothrombus (yellow circle). (B/C) H&E showing histologic features of acute macrothrombi and (D)
an organizing thrombus (40 �); only observed in SARS-Cov-2 associated DAD (40%). (E/F) H&E showing microthrombi commonly seen
in both SARS-CoV-2 associated (60%) and in non-SARS-CoV-2 (43%) DAD (200 � and 400 �, respectively).
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stimulating genes, low viral titer, and high immune cell
infiltration along with genes associated with tissue regen-
eration were observed [20]. More recently, investigators
using imaging mass cytometry with metal-labeled antibody
panels comprised of 36 antibodies showed distinctive
phenotypes of myeloid populations in lungs of patients
dying of COVID-19 [23]. Specifically, those dying early of
disease had alveolar monocytes expressing high IL1b while
those dying with late COVID-19 had prominent interstitial
macrophages staining with CD14, CD16, CD206, CD163,
and CD123.
While our multiplex panel is more limited in scope, the
distribution of the pseudopalisaded histiocytes and timing
between hyaline membrane prominence of the exudative
phase and onset of typical histologic features of prolifera-
tive phase DAD leads us to believe that this likely reflects
an exaggerated histiocytic reaction associated with
resorption of hyaline membrane material. This pattern may
be more common in COVID-19 DAD as we did not observe
it in our relatively small number of non-COVID-19 DAD
control cases. Older light and electron microscopy studies
of the organizing/proliferative phase of DAD, prior to the
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COVID-19 pandemic, describe the process of re-
epithelialization of alveolar lumina with the incorporation
of the cellular debris of hyaline membranes along with
denuded alveolar epithelial basal laminae to form a ‘new’
alveolar septum [24]. While scattered luminal and septal
inflammatory cells were commonly observed, garland-like
arrangements of pseudopalisaded histiocytes have not
been described previously in DAD to our knowledge.

It is interesting in the context of this distinctive in-
flammatory pattern that the RECOVERY collaborative
group showed dexamethasone reduced 28-day mortality in
patients with COVID-19 who required mechanical venti-
lation when given after the first week of illness but had no
effect in patients not receiving respiratory support [8]. The
authors of this study suggested that the stage of disease in
which therapy was initiated was likely dominated by
immunopathological elements, with active viral replication
only playing a secondary role. To this point, we observed
maximal immunohistochemical viral detection in the pre-
ceding exudative phase with limited to absent staining upon
advancement to proliferative phase, a finding confirmed by
other groups, as well [19]. As such, the pseudopalisaded
histiocytic hyperplasia observed in our series correlates
well with the timing of the observed mortality benefits
demonstrated in the RECOVERY dexamethasone trial,
corresponding to a time when in situ viral detection is
diminishing. None of the patients in our series received
dexamethasone as they presented prior to the results of the
RECOVERY trial. Current clinical guidelines recommend
glucocorticoids be administered to patients with early,
moderate to severe ARDS and those precipitated by a ste-
roid-responsive process [25]. Glucocorticoids are generally
not recommended for patients with mild ARDS, late-stage
disease (beyond 14 days) [26], or in patients whose ARDS
was precipitated by a viral infection such as influenza as
their use has been associated with worse outcomes [27,28].
A more recent meta-analysis, however, is challenging these
guidelines, suggesting that corticosteroids probably
reduce mortality in patients with ARDS regardless of
whether COVID-19 was the inciting agent [29]. A further
confounding factor in our conclusion is that four of the five
patients with the pseudopalisaded histiocytic reaction were
also treated with sarilumab a median of 20-days prior to
death to manage cytokine release syndrome [30]. Sar-
ilumab is a monoclonal antibody inhibitor of IL-6 that is
produced by innate immune cells, such as monocytes/
macrophages, as part of the host defense against infectious
agents [31], and thus, we cannot exclude that the pseudo-
palisaded histiocytic reaction is a result of IL-6 inhibition
in these patients. It will be interesting to see if the pattern of
pseudopalisaded histiocytic hyperplasia becomes less
frequent in postmortem samples following the routine use
of dexamethasone rather than sarilumab in hospitalized
patients requiring respiratory support.

Intriguingly, two patients dying of causes unrelated to
COVID-19 tested positive for SARS-CoV-2 by PCR and
serology but showed either no lung involvement, or in one
case, limited pulmonary involvement (w5% of paren-
chyma) but with similar immunopathologic features of
early exudative phase DAD. A concept of regional alveolar
damage (RAD) was proposed three decades ago to describe
such histologic findings; however, patients with RAD all
developed respiratory failure, with 9 of the 10 patients
requiring mechanical ventilation [32]. Our single patient
showing regional alveolar damage, as well as the other
patient without such findings, both tested positive by RT-
PCR at admission and prior to death and also showed ev-
idence of immune response with Sars-CoV-2 IgG and IgM
antibodies detected in serum prior to death. Thus, their
findings cannot be merely explained as an early pre-
symptomatic phase of infection. It remains unclear why
some patients develop severe and fatal COVID-19 while
others can be asymptomatic carriers. Advanced age and co-
morbid conditions (obesity, hypertension, diabetes, chronic
heart, and kidney disease) are more frequent in fatal
COVID cases. A subset of patients with severe/fatal disease
has been linked to inborn errors in the type I interferon
immune pathway [6], as well as the development of
neutralizing autoantibodies against the type I interferons
[7]. An association between immune variations and co-
morbid conditions has also been proposed [33].

Aside from DAD, much attention has been given to the
thrombosis associated with COVID-19 [16,34,35]. Micro-
thrombi within the alveolus is a common finding in DAD
from any etiology, and the frequency of this finding is
likely proportional to the number of tissue sections
sampled. We observed microthrombi in 60% of patients
dying of COVID-19 and in 43% of non-SARS-CoV-2
associated DAD controls. Given that the number of tissue
blocks sampled among the SARS-CoV-2 cases was 10-fold
greater than the non-SARS-CoV-2 controls, this mild dif-
ference may not be significant. A similar frequency of
pulmonary microthrombi between cases of DAD related
and unrelated to COVID-19 has been reported in another
autopsy series as well [36]. Conversely, macrothrombi were
observed in 40% of COVID-19 associated DAD but not in
the asymptomatic SARS-CoV-2 cases or non-COVID-19
DAD controls. This finding is in keeping with other large
COVID-19 autopsy studies in which large vessel thrombi
were observed in 20e42% of cases [11,13]. In our series,
macrothrombi were observed more frequently in those
dying in the fourth to fifth week from symptom onset (third
to the fourth week of ventilation), usually in association
with pseudopalisaded histiocytic hyperplasia and/or pro-
liferative phase DAD as compared to microthrombi that
were observed in all phases of DAD. Similar observations
of the timing of macrothrombi were seen in a larger multi-
institutional autopsy cohort [13], and a clinical cohort,
where those not improving on mechanical ventilation were
evaluated by pulmonary angiography [34]. Consistent with
clinical studies, we observed macrothrombi in those with
the highest D-dimer values [35]. The specifics of COVID-
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19-induced coagulopathy remain complex with cytokine-
induced overexpression of tissue factor, endothelial
dysfunction leading to loss of antithrombotic phenotype,
and overall hypoxia and stasis being the leading mecha-
nistic hypothesis [37]. What is clear is that the degree of
inflammation appears to correlate strongly with coagulop-
athy, with D-dimer levels showing a strong correlation with
other inflammatory markers such as CRP, ESR, ferritin, and
procalcitonin [35]. It is possible that the pseudopalisaded
histiocytic hyperplasia is a marker of an inflammatory
disease-prone phase to accentuate the coagulopathy of
COVID-19. Of note, inflammation-associated coagulopathy
is not specific to SARS-CoV-2 as it has also been described
in critically ill patients with H1N1 and SARS-CoV-1 [38].
Randomized control trials to determine the optimal use of
anticoagulation in COVID-19 patients are ongoing.

Several limitations must be considered in the interpre-
tation of our findings. First, our sample size in both
COVID-19 and the non-COVID-19 control cases is small.
Second, the control group suffered from a variety of im-
mune disorders (cancer, AIDS, autoimmune diseases),
which were not frequent in our COVID-19 cases. Third, the
control cases in our series were a median of two decades
younger than our COVID-19 cases, and thus, we cannot
assess the role of age-related immunosenescence contrib-
uting to the immunopathology in our COVID-19 cohort.
Finally, as already stated, we cannot exclude that IL-6 in-
hibition due to treatment with sarilumab resulted in the
pseudopalisaded histiocytic reaction.

5. Conclusion

COVID-19 associated DAD is associated with a unique
pseudopalisaded histiocytic hyperplasia interposed between
the early and proliferative phase, most pronounced at the
fourth week from symptom onset (third week of ventilation).
This unique inflammatory pattern may represent the immu-
nopathology behind dexamethasone-induced mortality
benefit. Pulmonary macrothrombi were seen predominantly
in the proliferative phase of the disease and were associated
with the highest D-Dimer levels. Asymptomatic SARS-CoV-
2 infection may cause similar immunopathologic features in
the lung but with a more limited tissue distribution.
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